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In a prospective study 51 consecutive patients who sur-
vived the acute phase of inferior wall myocardial in-
farction underwent coronary arteriography. Eleven pa-
tients developed some degree of atrioventricular (AV)
block in the acute phase of infarction that disappeared
within a few days and was considered by electrocardio-
graphic analysis to be located in the AV node. Patients
with AV block during acute myocardial infarction had
a significantly higher prevalence ofleft anterior descend-
ing coronary artery obstruction (91 versus 55%, p <
0.05) than did patients without AV block and the ob-
struction preceded the exit of the first septal perforator
branch in 73% of cases with heart block and in 30% of
cases without block (p < 0.01). The sensitivity, specificity
and predictive values were 31, 95 and 91%, respectively,
for the existence of left anterior descending coronary
artery obstruction when AV block occurred during acute
" Happy is he who could know the causes of things."
Virgil, in Georgics
Acute myocardial infarction complicated by atrioventricular
(AV) block is associated with an increased mortality rate,
which is approximately 80 to 90% in anterior wall infarction
and about a fourth of this value in inferior wall infarction
(1,2). This difference in mortality rate is due to the greater
left ventricular dysfunction seen in patients with anterior
wall infarction (1,3). At the same time, patients with acute
inferior wall infarction and heart block have a higher mor-
tality rate than those without block , a fact not entirely ex-
plained by the conduction abnormality (1,4).
Heart block in acute inferior wall infarction is usually
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inferior myocardial infarction, and 40, 90 and 73%,
respectively, for the occurrence of the coronary artery
obstruction before the exit of the first septal perforator
branch.
Patients with inferior myocardial infarction and left
anterior descending coronary artery obstruction have a
sixfold greater chance of developing heart block in the
acute phase of infarction than do patients with inferior
infarction without such obstruction (p < 0.05). These
findings also support the observations that the proximal
AV conduction system usually has a dual arterial blood
supply from both the right and left anterior descending
coronary arteries, and may explain the transient behav-
ior of heart block and lack of necrosis of the AV node
seen in these patients.
(1 Am Coil Cardiol 1986;8:773-8)
transient, which is difficult to understand in view of the
classic concept that the arterial blood supply to the proximal
conduction system, that is, the AV node and His bundle,
is derived from a single vessel, the AV node branch of the
right coronary artery (5,6). The present study provides new
insight into a possible dual origin of blood supply to the
conduction system as well as the pathophysiology of heart
block in acute inferior wall myocardial infarction.
Methods
Study patients. A prospective study carried out from
January I , 1980 to December 30, 1982 comprised 51 con-
secutive patients, less than 70 years old , who survived the
acute phase of an inferior wall myocardial infarction. These
patients were submitted to coronary cinearteriography in the
fourth week of hospitalization, independent of clinical status
or symptoms. Their mean age was 54.9 ± 9.1 years (range
32 to 67) and 44 were male. Only one patient had a history
of previous myocardial infarction. Eleven of the 51 patients
0735-1097/86/$3 .50
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developed either first, second or third degree AV block
during the acute phase of infarction. Their mean age was
58.1 ± 7.0 years and 10 were male.
All patients had continuous electrocardiographic moni-
toring and were given oxygen by nasal catheter and oral
vasodilators. Several patients also received oral dipyrida-
mole or aspirin. Other drugs were used as necessary. No
patients in the group with AV block received digitalis, beta-
receptor blockers, calcium-channel blockers or antiarrhyth-
mic drugs in the acute phase (except intravenous lidocaine
as necessary).
Electrocardiographic analysis. The diagnosis of acute
inferior wall infarction was based on the presence of symp-
toms of myocardial ischemia associated with electrocardio-
graphic changes of transient ST elevation in leads II, III
and aVF or in leads V7 and Vg, or both, followed by de-
velopment of persistent pathologic Q waves in the same
leads, and classic elevation of the serum enzymes creatine
kinase, lactic dehydrogenase and glutamic oxaloacetic trans-
ammase.
First degree AV block was defined as transient prolon-
gation of the PR interval beyond 0.20 second without in-
terruption of AV conduction. Second degree AV block was
defined as intermittent interruption of AV conduction.
Wenckebach-type (Mobitz type I) second degree AV block
was characterized by progressive prolongation of the PR
interval until a P wave was not followed by a QRS complex.
Mobitz type II second degree AV block was characterized
by one or more blocked P waves without change in the
preceding PR intervals. Third degree AV block was defined
as complete interruption of AV conduction with complete
P wave and QRS dissociation and existence of junctional
or ventricular escape rhythm with a rate of less than 60 or
40 beats/min, respectively.
The site of AV block was established from the electro-
cardiogram according to the electrophysiologic study of Ro-
sen et al. (7) in patients with acute inferior wall infarction.
Thus, all cases of first degree AV block were considered to
be of AV node origin. Second degree AV block was con-
sidered of AV node origin if there was no more than one
blocked P wave in relation to the conducted P waves or if
Wenckebach-typeblock occurred, in each case with no change
in the QRS configuration. This included cases of 2: I AV
block because of its well known association with nodal block
in patients with acute inferior infarction (7). Third degree
AV block was considered to be located in the AV node
when the QRS duration was less than 0.10 second, the
ventricular rate equal to or greater than 40 beats/min and
QRS configuration similar to that seen before the appearance
of heart block. Temporary transvenous pacemaker insertion
was performed at the discretion of the cardiologist in charge
of the coronary care unit and was based on classic criteria
for these cases (8).
Arteriographic analysis. Coronary cinearteriography
was performed by the Sones technique with contrast injec-
tion in multiple views. The films were independently ex-
amined by two experienced cardiologists, who were una-
ware of the history of rhythm disturbance, on a Tagarno
projector and discrepancies or differences of opinions in
relation to the severity of obstructive lesions were resolved
by simultaneous analysis of the films. From the angiographic
point of view coronary artery lesions were classified as
obstruction, subtotal occlusion or complete occlusion. Ob-
struction was defined as 75 to 95% reduction of the internal
vessel lumen (except in the left main coronary artery where
it was defined as 50 to 95% reduction). Subtotal occlusion
was defined as 95 to 99% reduction of the internal vessel
lumen and complete occlusion as complete interruption of
Table 1. Angiographic Features of 11 Patients With Inferior Wall Myocardial Infarction and
Atrioventricular Block During the Acute Phase of Infarction
Lesion
Degree of
Case AV Block LAD RCA LCx LM Domin.
I 2nd Suboccl* Suboccl Occl L
2 3rd Suboccl* Obst Obst + R
3 2nd Obst Occl Obst R
4 1st Occl R
5 3rd Obst Occl R
6 3rd Obst Occl Obst + R
7 2nd Obst* Occl R
8 1st Obst* Obst Obst R
9 2nd Obst* Suboccl Occl R
10 3rd Obst* Occl Obst R
II 2nd Obst* Suboccl Obst R
*Preceding the exit of the first septal perforator branch. AV = atrioventricular; Domin. = dominance of
coronary circulation; L = left; LAD = left anterior descending coronary artery; LCx = left circumflex coronary
artery; LM = left main coronary artery; Obst = obstruction; Occl = complete occlusion; R = right; RCA
= right coronary artery; Suboccl = subtotal occlusion; + = yes.
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Table 2. Prevalence of Multivessel and Left Main Coronary
Artery Obstruction in Patients With and Without AV Block
During the Acute Phase of Inferior Wall Myocardial Infarction
Inferior Infarction
Table 4. Prevalence of AV Block During the Acute Phase of
Inferior Wall Infarction in Patients With and Without Left
Anterior Descending Coronary Artery Obstruction
Inferior Infarction
With AV Block Without AV Block Without
(n = II) (n = 40) K With LAD LAD
Obstruction
Obstruction Obstruction
Multivessel 10 (91%) 30 (75%) NS (n = 32) (n = 19) K
Left main 2 (18%) 6 (15%) NS AV block 10 (31%) 1(5%) P < 0.05
AV = atrioventricular; NS = not significant.
anterograde contrast filling. The coronary artery system was
defined as trivascular:left anterior descending, left circum-
flex and right coronary arteries, and only lesions in these
vessels were considered. The coronary circulation domi-
nance was determined to be either right or left, depending
on which artery reached the posterior "crux" of the heart
and gave off the AV node and posterior descending branches.
Statistical analysis. Comparison of patient groups was
made using the chi-square test and a probability (p) of error
of less than 5% was considered statistically significant.
Results
Electrocardiographic findings. Eleven patients devel-
oped heart block during the acute phase of inferior wall
infarction: two had first degree, five had second degree and
four had third degree AV block. All patients with second
and third degree heart block had electrocardiographic fea-
tures of AV node (supra-His) block. A temporary trans-
venous pacemaker was inserted in three patients with third
degree and in one patient with second degree AV block.
The conduction disturbance disappeared in less than a week
in all patients and none required a permanent pacemaker.
No patient presented right or left bundle branch block or
hemiblock before, during or after the heart block.
Coronary arteriographic findings (Table 1). One ves-
sel coronary artery disease (right coronary artery obstruc-
tion) was seen iI. only 1 of the 11 patients. Two vessel
disease was seen in two patients (both had left anterior
descending and right coronary artery obstruction) and three
vessel disease was seen in the remaining eight patients. Two
AV = atrioventricular; LAD = left anterior descending coronary ar-
tery.
of the patients with three vessel disease also had left main
coronary artery stenosis.
A right dominant pattern of the coronary artery circu-
lation was seen in 10 of the II patients with heart block,
and left dominance in the remaining patient. Eight of these
10 patients with right dominance had either total or subtotal
occlusion of the right coronary artery preceding the exit of
the AV node artery whereas two had obstruction at this site.
Proximal left circumflex coronary artery occlusion was seen
in the only patient with a left dominant circulation.
Comparison with patients without AV block (Tables
2 to 4). The prevalence of multi vessel coronary artery dis-
ease in all 51 patients with inferior wall infarction was very
high (about 80%) but it was even higher in those 11 patients
who developed transient heart block in the acute phase of
infarction (Table 2). Also, a significantly higher prevalence
of left anterior descending coronary artery obstruction was
seen in patients who developed a conduction abnormality,
and the obstruction was generally located in the proximal
segment of this vessel (Table 3). Another view of this re-
lation was the sixfold greater chance of developing heart
block in inferior infarction seen in patients with left anterior
descending coronary artery obstruction than in those without
such obstruction (Table 4). The association of acute inferior
wall myocardial infarction and transient heart block has a
sensitivity and specificity of 31 and 95%, respectively, and
a predictive value of 91% for the existence of left anterior
descending coronary artery obstruction.
The analysis of the site of obstruction in the left anterior
descending coronary artery also disclosed interesting find-
Table 3. Prevalence of Left Anterior Descending Coronary Artery Obstruction in Patients With
and Without AV Block During the Acute Phase of Inferior Wall Myocardial Infarction
Inferior Infarction
LAD obstruction
Before first SP
With AV Block
(n = II)
10 (91%)
8 (73%)
Without AV Block
(n = 40)
22 (55%)
12 (30%)
p < 0.05
P < 0.01
AV = atrioventricular; LAD = left anterior descending coronary artery; SP = septal perforator branch.
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ings. In 8 of 10 patients with multivessel disease who de-
veloped transient heart block the obstruction preceded the
exit of the first septal perforator branch: in the left main
coronary artery in I patient and in the proximal segment of
the left anterior descending artery in 7 patients (I of these
patients had subtotal occlusion and the other 6 had obstruc-
tion) . In the remaining two patients with heart block the
obstruction was located between the first and second septal
perforator branches of the left anterior descending coronary
artery . Among the 40 patients who did not develop heart
block , in 12 (54%) of 22 who had a left anterior descending
coronary artery lesion, the obstruction preceded the first
septal perforator branch (Table 3). The sensitivity, speci-
ficity and predictive values of the existence of a left anterior
descending coronary artery obstruction before the exit of
the first septal perforator branch are 40, 90 and 73%, re-
spectively , when AV block occurs in the setting of acute
inferior wall myocardial infarction .
Discussion
Heart block and left anterior descending coronary
artery obstruction. The present study demonstrates that
approximately 90% of patients who survived an acute in-
ferior wall myocardial infarction complicated by transient
heart block have important obstruction of the proximal seg-
ment of the left anterior descending coronary artery. This
contrasts with the significantly lower rate of 55% seen in
the same group of patients with inferior infarction who did
not develop heart block . Another aspect of this relation is
that the increased risk of AV block development when acute
inferior wall infarction is associated with left anterior de-
scending coronary artery obstruction is six times greater than
when it is not so associated.
These data have important clinical and prognostic im-
plications because they suggest that simultaneous obstruc-
tion of the left anterior descending coronary artery may play
a role in the development of heart block in acute inferior
wall myocardial infarction. It also makes heart block a pos-
sible predictor of associated left anterior descending coro-
nary artery disease in these patients. However, the low
sensitivity that results from the high prevalence of such
disease in patients with inferior infarction requires that cau-
tion be used in interpreting and applying the data to clinical
practice .
Inferior myocardial infarction and heart block. Acute
inferior wall infarction is frequently complicated by AV
conduction disturbances with first degree AV block occur-
ring in about 13%, second degree AV block in about 15%
and third degree AV block in about 12% of such cases (9) .
All these types of AV conduction disturbances usually dis-
appear within a few days. Acute and transient ischemia of
the AV node due to interruption of blood flow through the
AV node branch of the right coronary artery is considered
to be the cause of heart block in these patients. Pathologic
studies (10, II) have shown that significant histologic de-
generative changes of the conduction system are absent in
the majority of cases.
Heart block occurring during the acute phase of inferior
wall myocardial infarction is generally due to blockage above
the His bundle, as observed by electrophysiologic studies
(7,12) and is called AV node (supra-His) block. Classically,
AV node block presents the Wenckebach phenomenon or
2 : I block when it is partial (second degree) , or junctional
escape rhythm (narrow QRS complex and rate of 40 to 60
beats/min) when it is complete (third degree); restoration of
AV conduction occurs within hours or a few days in the
majority of cases (3). Several studies (7,13,14) have con-
firmed the relation between Wenckebach-type and 2: I AV
block and conduction disturbance in the AV node. This is
in contrast to infra-Hisian AV block, which usually occurs
in patients with acute anterior wall infarction and rarely
presents with Wenckebach conduction. Most of these pa-
tients show bundle branch block prior to development of
heart block, have an idioventricular escape rhythm (wide
QRS complex and rate below 40 beats /min) and usually
have associated left ventricular failure with a very high
mortality rate (3) . Thus, it is frequently possible to identify
the location of AV conduction disturbances in acute myo-
cardial infarction without invasive studies by knowledge of
the involved myocardial wall, the electrocardiographic pat-
tern of AV block and the escape rhythm characteristics .
Blood supply of the AV node. Acute inferior wall in-
farction usually results from occlusion of the right or left
circumflex coronary arteries . The right coronary artery is
the source of the AV node artery in 90% of the population
(3,6) . However, pathologic studies have demonstrated little
or no tissue necrosis in the AV node or His bundle of these
patients when they develop heart block despite arterial oc-
clusion (10, II). Spontaneous recanalization or dual arterial
blood supply would be the only explanation for this absence
of necrosis. However, DeWood et al. (15) demonstrated
that spontaneous recanalization only occurs in about one-
third of patients studied angiographically in the first 24 hours
of onset of acute myocardial infarction .
Van der Hauwaert et al. (16) , in a very elegant post-
mortem pathologic study in human hearts, demonstrated that
the AV node artery gives adequate blood supply to the
proximal two-thirds of the AV node but not to the distal
third or to the His bundle. They also observed that in about
one-half of the studied hearts there was some connection
between the AV node and left anterior descending coronary
arteries through anastomotic collateral vessels. However,
they were unable to demonstrate that the septal branches of
the left anterior descending coronary artery reached the AV
node . Kennel and Titus (17) also demonstrated in morpho-
logic and radiographic studies that 80% of human hearts
have anastomotic channels between the AV node artery and
the first septal perforator branch of the left anterior descend-
ing coronary artery. These anastomoses were even more
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pronounced in patients with severe coronary artery disease.
They concluded that the AV node and bundle of His po-
tentially receive arterial blood supply from both the right
and left coronary arterie s in 80% of human heart s. Frink
and Jame s (18) studied postmortem hearts of individuals
without cardiac disease and concluded that there was a dual
arterial blood supply to the bundle of His in 9 of 10 hearts
through the AV node artery and the first septal perforator
branch of the left anterior descending coronary artery . AIl
of these studies indicate that although the proximal segment
of the AV node (Van der Hauwaert 's dorsal and middle
thirds) are mostly supplied by the AV node artery, the distal
(ventral) segment and the His bundle have a dual arterial
blood supply through the same AV node artery and the left
anterior descending coronary artery. These findings are in
accordance with our recent study (19).
The dual AV node blood supply data are in agreement
with our angiographic findings that approximately 90% of
patients with inferior wall infarction who present transient
heart block in the acute phase have simultaneous obstruction
of the right coronary artery (or left circumflex artery when
it is dominant) and the proximal segment of the left anterior
descending coronary artery. In these cases, AV block would
result from sudden ischemia of the proximal conduction
system (AV node and His bundle ) as a consequence of
occlusion of the dominant coronary artery. The simulta-
neous obstruction ofthe proxim al segment of the left anterior
descending coronary artery would prevent adequate blood
supply to the ischemic AV node and His bundle and AV
block would ensue. However, necrosis of the proximal con-
duction system would not occur because some flow would
stiIl be maintained either by the left anterior descending
artery or by spontaneous recanalization of the occluded ves-
sel, or both. Acute opening of the coIlateral circulation could
also play an important role in avoiding necrosis. The dual
arterial blood supply of the proximal conduction system also
expla ins the relatively low incidence as well as the transient
and reversible behavior of heart block in acute inferior wall
infarction . If the AV node and His bundle had a sole blood
supply- the AV node artery-then occlusion of the dom-
inant coronary artery would certainly lead to complete an-
oxia and consequent degeneration of this region, with re-
sultant irreversible heart block in most patients with acute
inferior myocardial infarction.
Factors responsible for nonoccurrence of heart block
in all patients with left anterior descending coronary
artery obstruction. The 22% incidence of AV conduction
disturbances in acute inferior waIl myocardial infarction
contrasts with the relatively high prevalence (60 to 70%) of
left anterior descending coron ary artery obstruction seen in
these patients in our and other studies (20,21). The non-
occurrence of heart block in all patients with simultaneous
left anterior descending coronary artery obstruction and acute
inferior wall myocardial infarction is certainly the result of
one of the following possible factors: I) the infarction results
from occlusion of a nondominant right coronary artery (in
this case the AV node artery would be a branch of a non-
obstructed left circumflex coronary artery); 2) the infarction
results from occlusion of a domin ant right coronary artery
after the exit of the AV node artery; 3) the infarction results
from occlu sion of a nondominant left circumflex coronary
artery; 4) the obstruction in the left anterior descending
coronary artery is distal to the exit of the first septal per-
forator branch ; 5) there is spontaneous recanalization of the
infarct-related dominant coronary artery .
Prognostic significance. The possibility that a dual ar-
terial blood supply to the proximal conduction system could
exist was a matter of concern for some authors (22,23) in
the past because of the observed low incidence and transient
and benign behavior of conduction disturbances in patients
with acute inferior wall myocardial infarction. At the same
time, the association of heart block and multivessel coronary
artery disease in patients with inferior wall myocardial in-
farction has been suspected or even seen by other authors
(4,12,22-24).
The present study is the first to demonstrate a relation
between left anterior descending coronary artery obstruction
and AV node block in patient s with acute inferior waIl
myocardial infarction . Howe ver , caution is necessary in
extrapolating the anatomic results obtained herein to the
functional disturbance of AV conduction. Other factors that
mediate the development of heart block in these patients
must be considered . The possible role of increased para-
sympathetic tone cannot be excluded but it is expected to
act similarly in patient s with and without left anterior de-
scending coronary artery obstruct ion .
The existence of left anterior descending coronary artery
obstruction in these patients does not necessarily lead to
development of heart block but its presence seems to be
fundamental for the appearan ce of the conduction distur-
bance . Consequently, it implies that this artery together with
the right coronary artery (or left circumflex artery when it
is dominant) may both be responsible for the arterial blood
supply to the AV node and His bundle . Recognition of this
allows a better understanding of the pathophysiology and
natural history of heart block in the presence of acute inferior
wall infarction. It also allows identification of those patients
with simultaneous obstruction of the proximal left anterior
descending coronary artery with excellent specificity and
predictive power.
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